Introduction
These are heroic times for subatomic physics. In the last decade new ideas about quarks and leptons, and about their interactions, have led to the Standard Model. This is a remarkable synthesis which describes the multitude of short-lived particles in terms of a few basic building blocks -the three pairs of quarks and the three pairs of leptons -and which uses local gauge symmetry to combine the electromagnetic interactions with the weak interactions and also with the strong.
This remarkable leap forward has raised many questions, both theoretical and experimental. Theoretically one would like to do everything: combine the fourth force, gravity, with the other three in a common framework and then to leap beyond toward a single theory whose content includes both forces and basic building blocks. The wave of theoretical euphoria which is now driving this attempt at an ultimate theory of nature now uses the word "superstrings" as a mantra and the early universe as a playground for the remarkable mathematics which it has chosen for a framework. Its contact with our real world lies in the future.
In spite of the current optimism about such theoretical speculations it should be expected and hoped for that nature is both more subtle and surprising in this, our world. It seems likely to mne that the unravelling of subatomic physics will continue to be an experimental and not a theoretical science, that what we can measure will continue to deterinine what we know, that the role of theory will be to stimulate experimental searches and provide appropriate frameworks for the description of experimental discoveries.
It is iny purpose in this paper to employ broad brush strokes to paint a picture of the extraordinary challenges which the Standard Model now poses for those who are designing new experiments in particle physics and nuclear physics.
The new physics questions are extraordinarily important.
The corresponding experiments required are correspondingly difficult.
The times are heroic indeed -more than any since the 1920s when quantum mechanics burst on the scene and when every scientist could address world-shaking issues. Now that is true again except that the technical challenge in our heroic era is unprecedented. The community of scientists represented by the participants at this conference carries with it the responsibility of being able to respond to the new challenges.
In short, I want to begin this conference by giving some glimpses of where we are heading and what is the force of ideas currently driving technical ingenuity for accelerators and detectors. The challenge is so great, the required response to important, the required resources so large and the international cooperation so requisite that the task at hand might form an attractive alternative to putting more weapons into space.
I would like to begin my description of the new ideas and the proposed responses by a simple allegory.
In our quest for the particles which occur in our world we are led to look for ever more massive and shortlived particles and to use ever more energetic accelerator beams to create them. The need to quantize the whole theory and to remove the very bothersome anoma-lies which plagued the reconciliation of gravity with quantum mechanics may enlarge the dimensions further. Present work focuses on a world of ten or twenty-six dimensions, most of which are "rolled up" or "compactified" to our relevant four.
The mathematics of superstrings drives the quantization. The theory involves a Planck mass (1020 GeV) at which energy gravity joins the other three interactions.
At present the theory has many beautiful aspects at such ultrahigh energies, but it remains to be seen if any physics of our everyday particles and forces can be extracted from the theory. It represents a promising start toward the descriptior of an interesting universe. Is it ours? Speculations about the early universe fuel the flights of fancy of the supertheories. Is our own universe a "mini-universe" arising from a quantum fluctuation in some cosmic foam? Did our own laws of physics and our dimensionality originate in the earliest moments?
Are there other universes with different laws and different dimensions?
Are the special laws and dimensions of our universe among the very few which produce interesting physics and chemistry and life? When do such speculations depart from valid science? The questions posed by the supertheories, however fervently presented, should perhaps be regarded as providing hope for future surprises rather than concrete guidance for present experiments. The questions of the Standard Model must now be confronted.
The World Network of Large New Accelerators
In response to the important new questions raised by the Standard Model much of the future action in nuclear physics and particle physics will take place at a network of very large new accelerator facilities now planned or under construction around the world. These magnificent new edifices are an expression of the spirit of our age in a way analagous to the network of gothic cathedrals which straddled western Europe eight hundred years ago or the network of stone circles which girdled the northern hemisphere thirty-five hundred years ago. I outline briefly, and with some personal biases, the nature and purpose of the new accelerator laboratories. These two colliders should be veritable factories for the production of the gauge bosons. They will allow detailed studies of the mass and width and branching ratio of the ZO providing crucial information for the parameters of the electroweak theory. The high ZO event rate (thousands per day instead of one or two) should make it possible to study the cascade decay of heavy quarks, to search for the top quark and for tt (toponium), the simple meson consisting of a quark-antiquark pair.
One will be able to search for neutral and charged Higgs bosons and for other heavy long-lived particles. In spite of their modest energies compared to hadron-hadron colliders these lepton-lepton colliders are essential because of the cleanness of the events they produce. Also they are in an energy regime where the coupling strengths of the weak and electromagnetic interactions become comparable and one can carry out many model-independent studies of electroweak interactions. At somewhat more modest energies there are electron-positron colliders nearing completion at Beijing (BEPC) and in Japan (TRISTAN), and there remains an important facility at Cornell (CESR).
The HERA-collider at DESY in Hamburg is the only new lepton-hadron accelerator. It is scheduled to begin operation in 1990 with electron-proton collisions at 30 GeV x 820 GeV. HERA will provide very clean QCD tests in studies of the proton structure function f(x,Q2) at very high momentum transfers (Q2 _ 104 GeV2).
It will provide data for high energy photon physics, for example the QCD Compton effect, and possibilities for new phenomena on both the quark and lepton sides.
The superconducting super collider (SSC) is a multiTeV hadron-hadron collider which carries with it the greatest hopes for new discoveries in particle physics. The major development plans for it now exist in the USA, but at CERN there are also hopes for such a collider in the LEP tunnel. As envisaged in the USA the SSC would be a proton-proton collider (the distinction between pp and pp becomes less important at these high energies) to operate at 20 TeV x 20 TeV. It would have 6 T magnets but even so a circumference of 90 km. Above all the SSC is a facility which carries with it the hope of discovering the particles responsible for the mass of the basic fermions. There are general arguments, based on the strength of the Fermi coupling constant, that such particles should lie in the TeV regime. This is much too high an energy to attain now with lepton probes so that one must perforce resort to hadrons. We must remember that a proton-proton collision is really a messy system of three quarks colliding with another such system. Each quark-quark collision has only one-third of the total collision energy. Be accelerators.
The dashed line in the figure corresponds to an improvement of a factor of six every ten years which pertains to accelerators (Fig. 1) 
